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EXECUTIVE SUMMARY

Purpose

This repot is provided to the Washington Department of Ecology (“Ecology’} through an interagency agreement with -
the University of Washington. Ecology requested the analysis described here to assist in responding to comments
related to fhe statistical analysis of various surveys related fo fish consumption rates for populations of fish

consumers in Washington State.

From dietary survey data, this report provides fish consumption rates for these regional populations and the general
U.S. population. Percentile values for each surveyed popuiaion are provided, and the data is arranged to include
information about harvest location and species groups. lndmdual level data is used where it is available; otherwise

data is directly from the original publications.

Because Washingfon has not had a published population-based survey for the general population, the general U.S.
populafion is considered as a potential surrogate for the general population of Washington. The analysis in this report
of the U.S. general population uses data directly from the 2003-2006 National Health and Nutrition Survey (NHANES)
database and employs stalistical methodology developed by the National Cancer Institute (NCH).

In this report we calculate fish consumption rates for the following populations:

* United States population

e Tulalip Tribes

¢  Squaxin Island Tribe

¢  Suguamish Tribe

¢ Columbia River Tribes: Nez Perce, Umatilla, Warm Springs and Yakima Tribes

e  Asian and Pacific Islanders residing in King County

Methods

The data are all derived from sample surveys. The reported rates {in grams/day—g/day) are limited to fish
consumers only. Consumers are defined in terms of consumption of the species group considered. Consumption
rates are presented, when availabte, for all species (fish and shellfish combined), for non-anadromous species, for
shellfish, and for finfish. These categories of species are also, when possible, broken down into consumption rates
for fish obtained from all sources, as well as for fish harvested from Puget Sound from the Columbia River, or just

"harvested.”

In general the mean, median and 95% percentile rates are presented for most of the populations and by categories of
fish species and source of fish consumed. Other percentiles are presented for some populations.

Data on consumption rates at the level of individual respondents was available only for the U.S. population (from the
NHANES database} and for the Tulalip Tribss. For other populations some of the consumption rates have been
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previously calculated for consumers only from data at the individual level and reported, and those rates are included
here, when avaitable. When not simply transcribed from other reports, the rates have been computed by various
methodologles starting from published aggregated rates (means and percentiles). The different surveys and their
published reports required different methodologies. The varying methodologies are described briefly in the report,
with defails provided in the appendices. Those who are interested should be able to reproduce most of the rates
presented in this report. Note, however, that i in order fo calculate some of the rates, access lo the original, individual-
level data (“raw” data) would be needed. In addition, repmductlon of rales calculated by the "NCI method" would
require some statistical knowledge and knowledge of the SAS programming langueage.

For the reader who is interested only in the numeric rates, the appendices can be skipped. The appendices are
important for a fuller understanding of various issues in estimation of consumption rates,

+ Throughout the report the term *fish” refers to both finfish and shellfish combinied, unless noted otherwise.

Restilts

Some key rates presented in this report appear in Table E-1, Rates are provided for the U.S. general population
using two methodologies; the approach provided in the EPA Exposure Factors Handbook (EFH), and the approach
provided by the NCI method. All results are presented by species groups; regional data is further segmented by

source fo account for local harvest.

The rates span a wide range. The median consumption rates for all species combined and from all sources vary frofm
* alowof 12.7 g/day (USA population) to a high of 132.1g/day (Suquamish Tribe.) These two populations also have
the lowest and highest 959 percentile rates, respectively. Among the consumption rates for locally harvested fish the
Native American Tribes have the highest consumption rates (with the highest median of 57.5g/day occurring from the
Suguamish Tribe). The lowest median rate for harvested fish is 6.5 g/day for the Asian and Pacific Islanders (API),
due to their low proportion of harvested fish.

Qther rates are presented in tables of the results section and a number of rates are summarized in Appendix 1.

Table E-1. Fish consumption rates (g/day), consumers only, for adults (age 18+), by population,
species group and source of fish consumed. Mean and selected percentiles.

Population .Species Source N Mean 50% 80% 95%
USA/EFH All All 2,853 56 37.9 127.9 168.3
USA/EFH . Finfish . All 2,200 49.9 34.6 116.3 148.8
USA/EFH | Shellfish All 1,113 43 . 257 | 1005 146.6
All '
USA/NCI All fish Y 6,465 18.8 12.7 42.5 £6.6
USA/NCI Finfish All 6,465 4 9 31.8° 43.3
USA/NCI Shellfish All 6,465 b4 | 24 13.2 20.5
All 7 '
Tulalip Tribes Al All 73 82.2 44.5 193.4 2678
Tulalip Tribes Finfish All 72 441 223 1 10986 203.9
Tulalip Tribes Shellfish All 61 42.6 15.4 112.9 140.8
Tulalip Tribes Non-anadromous | All 7 459 20.1 118.4 150.6 ]

4
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Population Species Source N Mean §50% 90% 95%
Tulalip Tribes Anadromous All 72 - 38.1 16.8 921 191.1
Tulalip Tribes | All Puget Sound | 74 59.5 29.9 "1 1385 237.4
Tulalip Tribes Finfish Puget Sound 71 31.8 13 78.4 145.8
Tulalip Tribes -} Shellfish Puget Sound 53 38.9 14.2 1114 148.3
Tulalip Tribes Non-anadremous | Puget Sound 59 35.5 14.8 109.2 - 145 .
Tulalip Tribes Anadromous’ Puget Sound 70 - 304 11.8 66 148.2
Squaxinsland | Anadromous Al 117 55.1 253 | 1282 1714
?‘?“a"i“ Island | o clifish All 86 23.1 103 | 54 83.6
ribe, .

Squaxinisland | oo Al 117 65.5 314 | 1497 208
Tribe.

?f}g:"i“ Istand | Af fish Al 147 83.7 445 | 2058 | 2802
?gg:’“” Istand yon-anadromous | Al NA 28.7 152 | 705 95.9
?:?g:xm Island Anadromous Puget Sound i NA 441 20.2 102.5 136.8
%‘gggx‘” Island | opapfish Puget Sound | NA 14.3 64 | 335 51.9
;fgggxi“ L Puget Sound | NA 45 216 | 1028 142.9
fﬁ;jg’"“ Istand | A fish Puget Sound | NA 56.4 30 138.6 188.6
.?fi'g:xm Istand Non-anadromous | Puget Sound | NA 12.3 8.5 30.3 41.2
Columbia river All All 464 63.2 40.6 130 194
Columbia river Non-anadromous | All NA 32.6 209 67 99.9
Cotumbia river Anadromous All NA 30.6 19.6 63.1 94 .1
Columbia river | Al Col. R. NA 55.6 356 | 114 171
Columbia river Non-anadromous Col. R. NA- 286 18.4 58.9 87.9
Columbia river Anadromous Col. R. NA 27 i7.3 55,5 82.8
Suguamish _ o
Tribe All Al 02 2139 1321 | 489.0 796.9
Suquiamish Anadromous Al 92 48.8 218 | 1327 | 1720
?ﬁg:amim Non- anadromous | Al 80.91 | 168.7 101.9 | 3773 614.9
Suquamish Shellfish Al o1 1342 64.7 | 3634 615.4
Tribe . .
Suquamish Al Puget Sound | 91 165.1 575 | 3087 | 766.7
Tribe
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Population Species Source- N .Mean 50% 90% 95%
?r‘;ggam’Sh Anadromous Puget Sound |  89-91 38.6 21.8 | 104.8 1359
%;ggamish Non- anadromous | Puget Sound 89 125.6 48.1 379.8 674.1
%;ggam‘sr‘ Shellfish Puget Sound | 89-91 | 108.7 52.4 | 2044 4085
API All Harvested 125 6.5 25.9 58.8
API Non-anadromous | Harvested 112 6.2 37.9 54.1
API All All 202 74 2269 | 286.1

Notes. USA/EFH: USA rates calculated using the metheds of the Exposure Faclors handbook (EPA, 2011.) USA!NCI USA rates calculated
using the NCI method.

NA: not available or data needed for computation not available.

Discussion
The rates are dependent on survey and analysis methodology.

One persistent issue in defining rates for “consumers only* is the Issue of who is a consumer, These definitions have
varied from a definition of a consumer as a person who reported consuming fish on either of two specified survey
days to a definition of everyone as a fish consumer—varying only in amount—o a definition of a consumer as a
person who reports eating fish during some defined or undefined past period. These definitions do have an impact on
the consumption rates; this report includes discussion on the impact of the “consumer” definition. In using the
national dala we have been able fo screen out those who are likely fo be self-reported fish non-consumers. All Gthers
are regarded as consumers. After screening out non-consumers, we applied the “NCI methodology® (Tooze, 2008),
developed for determining consumption rates for episodically consumed foods, fo national fish consumption data fo
obtain the mean and percentiles of fish consumption rates,

The consumpiion data for individual respondents has not been modified in any way, nor have data been deleted.
There is no evidence that any individual consumption Tate encountered was impossible, There may be consumption
rates that might be considered outliers, but there was no basis for removing or modifying them.

The rates for the USA population may be considered as a surrogate for Washington State general population rates.
This Is a plausible working assumpfion, but it is only an assumption. The differences between the two populations
should be noted. The national data used for the USA rates covers coastal as well as non-coastal states and includes
states with many vs. few fishing opportunities. 1t may be possible in the future to use a subset of the national data o
calculate rates for stales that have fishing and harvesting opportunities more similar to those in Washington than the

national data provide.
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INTRODUCTION AND BACKGROUND

Purp_ose of this Report

The purpose of this report is to provide calculations of fish consumption rates from dietary surveys conducted in
Washington State and of the general U.S. population. Mean, median, 75%, 80™, 85% 90%, and 95" percentile values
for each surveyed population are provided; information about harvest location and species groups are Included. This
fish dietary information is to assist the Washington Department of Ecology (Ecology) in responding fo comments
received on the September 2011 draft of Ecology's Fish Consumption Rate Technical Support Document V.1

(publication number 11-09-050).
This report will assist Ecology in responding fo the following technical issues:

»  Provide information from regional specific fish dietary surveys on harvest location and species groups
consumed (finfish, shellfish, anadromous, or non-anadromous) for adult fish-consuming populations in

Washington.

o Using current national fish dietary information (the 2003-2006 NHANES data), provide general populanon
fish consumption rates that statistically correct for problems with estimates derived directly from surveys of

constmption on specified days .

The work in preparing iis report has been commissioned by the Washington Department of Ecology (Ecology)
through an interagency agreement with the University of Washington. Ecology requested this report fo assist in -
responding to comments related to the statistical analysis of various surveys related to fish consumption rates for

populations of fish consumers in Washingfon State.

Organization of this Report

The report follows the IMRD (fimred’) pattern commonly used in scientific journals, with Introduction, Methods,
Resulls and Discussion sections. The distinction between the methods and results sections here is not strict,
because some numerical results need to be presented in the methods section fo dlarify the use of methods. To assist
with readability methodological details have been placed in the appendices. Calcufated rates are presented in the

résulfs section.

Fish Consumption Surveys

The fish consumption rates in this report are calculated from population surveys. The populations Include the general
United States population, specified Pacific Northwest tribal populations, and Asian and Pacific Islander populations

living in King County.
Specifically, the fish consumption rates presented in this report are calculated from the surveys of the following six
populations (with primary report references noted.)

e United States population (National Center for Health Statistics, 2005)

o Tulalip Tribes (Toy, 1996)
o Squaxin Island Tribe (Toy, 1996)
s Suquarnish Tribe (The Suquamish Tribe, 2000)
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o Columbia River Tribes: Nez Perce, Umatilla, Warm Springs and Yakima Tribes! (CRITFC, 1994)
e Asian and Pacific Islanders residing in King County {Sechena, 1999; Sechena, 2003)

The fish consurﬁpﬂon rates derived from (a) reglonal specific fish dietary surveys and (b) general U.S. population fi sh
consumption estimates from national surveys come from data obtarned by asking questions of two different types of .

populations.
o The regional specific fish dietary surveys estimate fish consumption from Pacific Northwest populations that
regularly consume fish. These are the tribal populations and Asian-Pacific Islanders.

e The population surveyed for the national fish consumptlon estimales is the enfire U.S, population, and
participants are sampled from many geographic areas in a manner that allows calculauon of unbiased rates

~ for the entire 1.8, popu[ahon

Fish Consumption Rates Technical Support Document

A great deal of information about fish consumption surveys can be found in a draft Technical Support Document
(TSD) avaiiable from the Washington Department of Ecology (Fish Consumption Rates Technical Support Document
V1.0, pub no 11-09-060, Washington Department of Ecology, 2011.)

This report does not repeat that information. Thé analysis in this report was prepared specifically to assist in
addressing questions arising from public comments submitted on the draft TSD.

Exposure Factors Handbook

There are a number of reports of fish consumption rates. Prominent among them is the recently updated Exposure
ractors Handbook (EPA, 2011). Chapter 10, Infake of Fish & Shellfish, of the Exposure Factors Handbook presents

a number of fish consumption rates.

Particularly relevant to this the discussion in this report are Tables 10-8, 10-10, 10-12, which bresent consumer-only
fish consumption rates derived from the National Health and Nutrition Examination Survey (NHANES). The NHANES
data is used in this report to estimate U.S. national adult consumption rates. .

‘When using data from fish consumption surveys it is not always possible to exaclly match a survey and Its derived
consumption rates with a specific population. There Is simply not a fish consumption survey covering every
population of interest in Washington State or In the United Siates. Thus, those using fish consumption rates need fo
make a choice among available rates, taking into account the goodness of the match of the survey to the population

of interest,

IThe calculated consumption rates and other statistics in the published report repr esent the combined
Columbia River tribes.
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Definition of Consuiner

Fish consumption estimates can be derived either for all people (whether or not they consume fish) or for fish -
consumers only. Itis important fo define who is a fish consumer in the context of the surveyed population. Estimates
of regional specific and national fish consumption cited in this report are based on different definitions of fish
consumers, and fish consump!lon rates vary depending on how consumers are defined,

When looktng at natlonai data this report provides information usmg two def mlzons of consumer. First, nahonal f:sh
consumption estimates are hased on a definition of fish consumers as persons who, over an extended period of time,
have a non-zero usual (average) dally intake of fish. Second, national fish consumption estimates are also provided
for people who consume fish on either one or bolh of the two non-consecufive days surveyed.

National fish dietary information is based on the 2003-2006 National Health and Nutrition Survey (NHANES). As
noted, estimates of fish consumption may vary depending on how a fish consumer is defined, and the two definitions
(categories) of fish consumers both are applied to the NHANES dietary information for the U.S. poputation.

A third category consists of surveys that asked questions about usual consumption habits. The identified surveys of
Native American Tribes in Washington and of the Asian and Pagific Islander populations in King County, Washington,
included direct questions on usual fish consumption and other dietary information that provided data for calculation of

estimaled usual daily fish consumption.

Itis important 6 note that for all surveys the consumption data are reported from each respondent's memory, Thus,
all the surveys are subject to errors of memory and other types of survey repoiting errors, Nevertheless, these data
provide an Informative picture of what fish people eat, both In terms of quantity and types of fish.

Populations; Samples, Statistical Models

This report includes some fish consumption rates estimated directly from data representing consumption by
individuals (“individual level data”). Other rates have been estimated using published tabulations of means, medians
or other percentiles of rates. Yet other rales have been estimated by fitling a model to data on fish consumptron at

the individual level. (See Table 1 )

As discussed later in this report, one cannot say that one method is specifically superlor fo the others Each of the
methods for analyzing the data has merits and limitafions,

Table 1 shows which methodology was used to estimate rates for each of the different populations included in this
repart. For some of the populations, individual-level data were available for use in calculating rates and summary

staistics; otherwise published tabulations were used.

For example, fish consumption rates for the Squaxin Island Tribe have been calculated and published (Polissar,
2008} for consumers only for fish obtained from any source (harvested, purchased, efc.). However, in order to
eslimate the Squaxin Island Tribe's consumption rates for fish harvested from Puget Sound, the calculations in this
report used the published mean percentages of fish harvested from Puget Sound from vanous species groups (Toy,

1998, Table 11.)
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Table 1. Source of data used for estimating means, medians or percentiles of fish consumption rates

Published

Population Individual !evel data Tabulations Modeling
United States population : X X L
Tulalip Tribes X o
. Sguaxin Island Tribe X
Suquamish Tribe * X
" Columbia River Tribes X
Asian and Pacific Islanders - o X

*Includes some rates calculated from individual-level data

This report does not use the ﬁsﬁ consumption rates presented in an earller report by EPA (EPA, 2002.) That report
calcutated consumption rates for consumers only using a method that is quite different than the methods used to

calculate any of the rates presented in this report.2

METHODS AND DATA

This report was prepared with consumption rates for “consumers only” as opposed o rates calculated by including
" both consumers and non-consumers, referred to as a "per capita® rate. The definition of a fish “consumer” can vary.
Our preferred definition of consumer is one whose usual (average) daily intake over an extended period {e.g., one

year) is not zero. It may be very low, but it is not zero.

This report uses that definition unless another definition is noted. Some dietary surveys explicitly include questions
on how frequently fish are consumed during a spemf ed period, such as a year, or include questions on “usual

consumption,”

% In the EPA 2002 report, “consumer” and the rate associated with a consumer, was defined as follows

(EPA 2002, section 2.2.2.):

“For the purpose of this report, “consumers only” were defined as individuals who ate fish at least

once during the 2-day period...."

“If an individual was included in the set of “consumers only,” the average daily consumption for
that individual was determined using only data from those days when total consumption was greater than
zero. For example, if fish was consumed on only one of the two days, the total consumption for the given
fish—by—habitat type on that one day was considered the average daily consumption for that individual.”

Based on this definition in the EPA, 2002, report, the following consumption rates would be
calculated from the noted day 1, day 2 fish consumption rates (FCR.) Example 1, day 1 FCR = Og/kg
body weight; day 2 FCR = 2g/kg body weight;, consumption rate by the EPA, 2002, method: 2g/kg-day.
Example 2, Day 1 FCR = 2g/kg, day 2 FCR = 2g/kg; consumption rate by the EPA, 2002, method: 2g/kg-
day. Example 3, Day 1 FCR = 0g/kg; day 2 FCR = 0g/kg; this person would be considered a non-

consumer and would not be included in a "consumer-only” calculation.
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The surveys of Native American Tribes whose rales are reported here use this "usual conéumption” approach. Other
surveys record fish consumption on specified days. Consequently, the definition of who Is a consumer may depend

on the survey timeframe,

The fish consumption rates for the general population, consumers only, in‘the most recent (2011) edition of the
Exposure Factors Handbook (EPA, 2011) are based on the National Health and Nutrition Examination Survey

~ (NHANES) two-day dietary recall survey. The definition of a fish consumer used in the Handbook is a person who
consumed fish on at least one of the two days, and the consumption rate attached to that person is the average _

consumption for the two days.?

NHANES included self-reported food consumption for two specified days, plus a food frequency questionnaire (FFQ)
embedded in the survey. The FFQ asked the parlicipants how frequently they ate certain types of food over the past
12 months. If a person answered *never” to all fish consumption questions of the FFQ, the answers are probably

adequate to distinguish consumers from non-consumers. (See also Appendix 2.)

Source of Fish Consumed

Knowledge of the fraction of fish consumption that comes from local harvesting is important. Some of the surveys
covered in this report do have that kind of information. For the U.S. general population (and for the Washington State
general population) there Is not data available on the fraction of fish consumed that comes from local harvesting.

Two Types of Questionnaires on Fish Consumption

The two types of survey questionnaires that form the basis for fish consumption rates presented in this report are:

e 24-hour dietary recall, covering the specific food items, and their quantity, eaten on each of two specified
days (NHANES survey). {The NHANES survey included a food frequency quesiionnaire, but not in a form
that could be used, alone, to estimate fish consumption rates. It is useful, however in defining fish non-

consumers.)

e Food frequency'questionnalres—dlrected at long term or usual fish consumption frequencies—combined
with questions on amount eaten per ealing occasion (Tulalip Tribes, Squaxm [sland Tribe, Suquamish Tribe,
Columbia River Tiibes, Asian and Pacific Islanders).

NHANES Survey

. NHANES is an ongoing national sample survey of the United States population {(NCHS, 2005) from which this report
uses data collected during the years 2003 to 2006. This survey can be used to estimate food consumption rates for

the entire United States population.

The NHANES survey was conducted in clusters of counties (or single Targe counties or metropolitan areas). Part of ‘
the survey was administered by.questionnaire and part of it through self-reporting. Specifically, for the two days’

® See Section 10.1, Introduction, Page 10-1 of the Exposure Factors Handbook (EPA, 2011.) “The
general population studies in this chapter use the term consumer-only intake when referring to the
quantity of fish and shellfish consumed by individuals during the survey period. These data are generated
by averaging intake acrass only the individuals in the survey who consumed fish and shellfish.”
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intake portion of the survey, the first day's data was collected by interviewers di_reétly on site (within dwellings), while
the intake for the second day was colfected by telephone followup. #

In this report the analysis of rates based on the NHANES survey is limited fo persons age 18 and over. This age cut
is a common definition of “adult,” though it is not uniformly followed in other surveys.

EPA Dietary Analysis Methods

Our analysis of fish consumpfion from the NHANES database is based on important and innovative work by EPA's
Office of Pesticide Programs. £PA carried out an extensive exercise of converting named food items (for example,
pizza, Caesar dressing.) into standardized recipes. This enabled specifying the commodities that are components of
those recipes. Thus, for each consumed food item named by survey respondents in the NHANES survey, EPA

provides a corresponding recipe with known ingredients,

EPA then grouped individual ingredients into several hundred “commodity’ groups, including six categories of fish or
shelifish. Other examples irom the EPA's long list of commodities include wheat flour, tomato puree and olive oil 5
The EPA work enabled the suivey respondents’ list of food items eaten in each 24-heur recall period to be converted

to quantities of fish and other food commodities.

The extensive EPA work to develop the conversion from conventionally named food items to commodities captures
even small quantities of fish in a nominally non-fish dish. For example, the food “Dark-green leafy vegetable soup
with meat, Oriental style,” is itemized by the EPA for a 91 gram serving {affifth of a pound) and inciudes 0.12 grams

of fi sh or 0.13% by weight.

It seems likely that such low levels of fish consumption occur due to seasoning or other incidental (perhaps even
unaware} usage of fish products by the consumer. It also seems that for most “sparse-fish” consumption days the
source of small quantities of fish would not be a local harvest of fish or shellfish. It is more probable that the fish
ingredient might arise from a commercial product with a non-local source.

One of the goals of this report is to estimate consumption of locally harvested fish or shellfish. The frace quantities of
fish consumed on some of the days or as an average for two days in the NHANES survey probably ongmates from

non-local sources.
A listing of ﬁsh-containing food items which were consumed on days where the respondent consumed less than 1 g

of fish (total) shows, predominantly, vartous types of cheese spread and Caesar dressing. It seems unlikely that
these items are created from locally harvested fish.

These “sparse-fish* consumption items and days have been refained in the analysis, even though it is likely that they
are not from local harvest. Only a small percentage of fish-consuming respondents had consumplion days with less .

than 1g/day.

* NHANES dietary documentation (2003): hitp:/fwww.cdc. gov!nchslnhanes/nhane32003-
- 2004/DRAIFF_C.him

5 The following link allows exploration of the commodities itemized for each recipe:
http:/ffcid.foodrisk.orgfrecipes/

Draft 15



Draft

The fish consumption rates based on the NHANES data use the following six commodities:S -

o Fish-freshwater finfish

o Fish-freshwater finﬁéh, farm raised
o  Fish-saltwater finfish, ofher

o Fish-saltwater finfish, tuha -

o  Fish-shellfish, crustacean

o Fish-shellfish, moliusk

Survey Estlmates of Fish Consumptlon Rates _
We have calculated USA adult fish consumption rates from the NHANES data using two methods.

The first method, based on standard survey stafistical methodology and a particular definition of “consumer”, was
used by the EPA in presenting NHANES fish consumption rates in the Exposure Factors Handbook (Chapter 10,
2011). Table 10-8; 10-10 and 10-12 of that report presents estimated rates, for fish consumers only, for the entire
population of the USA and also hroken down by various age, gender and ethnic groups, The definition of “constmer”
used for calculation of rates presented in those tables is a person who consumed fish on at least one of the two days
of the NHANES survey”. Using that definition we calculated the consumption rates for adult consumers only (age 18
and over) with two days reported on the 24-hour dietary recall.® The second method employs the National Cancer

Institute (NCI} methodology for episodically consumed foods.

The NHANES survey includes data on what people ate on two selected days—chosen far enough apart to assure
some level of independence of consumption on these days. While this method has the merit of capturing
consumption before it fades from memory, it does not accurately portray consumption of foods that are consumed
episodically, such as fish. This accuracy problem can be seen from Table 2 which compares the response to a) direct
questions on the frequency during the past 12 months of eating certain food items that contain fish to b} the recall of

consumption on two specified days.

® Source for categories of fish commodities: http:/ffeid . foodrisk.org/dbc/csv/

" Download file: Commedity_Vocabulary.csv

? Personal communication: teleconference with staff of Office of Pesticide Programs, EPA, May 1, 2012

® Prior to carrying out these calculations, we verified that we had the correct data from NHANES and the
correct computational method by calculating, comparing and reproducing exactly the fish consumption
rates in the first numeric row of resuits in Table 10-12 of Chapter 12 of the Exposure Factors Handbook.

(EPA, 2011.)
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Table 2. A comparison of fish consumption reported by dietary recall on two specified days vs. fish
consumption reported for the last year on a food frequency questionnaire (FEQ).

irgg:‘?;c‘;iggffsh Zero fish was Fish was consumed
P N adults consumed on both on at least one day Total (%}
reported on the days (%) (%)
FFQ
© Never 680 88% 12% 100%
Ever 6,465 66% 34% 100%
All adults 7,145 68% 32% 100%

Notes: 1) FFQ responses on fish consumption were categorized into *never” vs, any frequency greater than “never® {i.e., ever}in the Jast 12
months. 2} Percentages are based on counts of adult respondents. 3) Limited to adulls, age 18 and aver, who responded fo both the food
frequency questionnaire {FFQ) and the two 24-hour recall questionnaires on the NHANES survey, 2003-2008. 4) The five relevant fish
consumption questions from the FFQ are numbered FFQO091-FFQO095. Sea Appendix 2. Download full quesuonnalre from;

riskfactor.cancer. gov/dietFF Q.Engfish.June0304. pdf

Table 2 shows that a iarge proportion (about two-thirds) of those who did report ever eating fish on the FFQ did not
report fish consumption on either of the sampled recall days. This information implies that many “true” fish consumers
are among those with no consumption reported on either of the two 24-hour recall days, Using the 2-day reporting to
identify fish consumers and their consumption rates introduces false negatives: true consumers who did not happen

to report ealing fish on either of the recall days.

Also of interest s the 12% of adults who reported never eating fish on the food frequency questionnaire but who did
report some fish consumption on at least one of the two recall days.? While it appears that there is misclassification In
both directions when the FFQ and the 24-hour recali days are compared, it appears safe to exclude from our further
analysis of fish consumption rates from NHANES data those adulis who reported ‘never” in response to the five fish
consumption questions on the FFQ. These five questions collectively include any possible form of fish or shellfish
consumption. Exclusion of these survey parficipants removes a relatively small number of true fish “consumers” from
our analysis dataset, but it is also likely to remove a much larger number of true non-consumers, For this reason the
exclusion is likely to have a net effect of improving accuracy of the estimated fish consumption rates.

A second Issue that it is important to understand when using the NHANES data is that the fish consumption reported
for two recall days is not an accurate indication of usual intake amount. Consumers of fish do not eat the same
quantities of fish every day. The large number of fish consumers (identified by the FFQ) who consumed fish on only
one of the two days is an indication of this variation over time. And, even among those who did eat fish on two days,

the amount eaten varies greatly between the days.

® This small “inconsistent™ group (82 adulis) had average consumption rates similar to the “consistent”
group (those who reported eating fish both on the food frequency questionnaire and on the 24-hour recall
days.) The mean two-day fish consumption rates for the inconsistent and consistent fish consumers were
46.7 g/day and 54.1 g/day, respectively, with medians of 34.3 g/iday and 37.6 glday, respectively. These
averages are based on adults with two days available for the 24-hour dietary recall and a non-missing

response on the food fraquency questionnaire.
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Figure 1 shows a comparison of amount of fish eaten on the two days of recall for those adults who consumed fish
on both days. Each point represents one survey adult.
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Figure 1. Scatterplot of day 1 vs. day 2 fish consumption amounts (gfams) from 24-hour dictary recall

Notes: NHANES 2003-2008. Includes N = 466 adult respondents with non-zero fish consumption on both recall days and a non-missing
response o the five relevant fish consumption questions on the food frequency questionnaire.

Figure 1 shows fhat it would not be uncommon to have a 10-fold change in fish consumption when two days are
compared. For example, a number of points represent people who consumed 10 grams on one day and 100 grams
on another day. (See points in the figure located above 10 grams on the day 1 horizontal axls and across from 100

grams on the day 2 verical axis.)

Trace guantities of fish i

Figure 1 also shows the adults who consumed minuscule quantities of fish on some days. Note fhe scallering of
points that are below 1 gram on either or both days. These points may represent people who consumed fish which
was present in small quantities in a nominally “non-fish™ food item, such as Caesar salad dressing or cheese spread.
An example is a respondent whose sole consumption of fish on one of the consumption days was 0.03 grams from

Caesar salad dressing.1

" The respondent with sequence i.d. number 24231 consumed 0.03 grams of fish on day 2 from Caesar
dressing.
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National Cancer Institute {NCl) Methodology

Professor Janet Tooze and others have developed a methodology for estimating the usual intake of episodically
consumed foods, such as fish (Tooze et. al., 2006; Dodd, et al, 2006; Kipnis et. al., 2009; Keogh, 201 1). This
methodology addresses the day-to-day variation in reported consumption and also addresses the occurrence of non-
consumption days for those who are true consumers, The NCI method, based on the work of Tooze et al, has been
 used to estimate consumption of a wide variety of dietary components. The National Gancer Institute web site shows
* consumption rates for 39 food groups based on the NCI method applied to data from the NHANES survey, 2001-

2004 H

The NCI method fits a model for usual intake (grams/day) of a commodity, such as fish, based on data from a éurvey
with reported consumption on two or more days.' The mean and percentiles of consumption are estimated from the
distribution of usual intake, which is part of the fitted model. The model assumes:

1) There is an underlying distribution of true usual intake for the population being studied. The true intake for a given
person might be thought of as their average daily infake—averaged over the course of a year, often reporled as
grams per day. The usual intake for a person does not have the ups and downs that occur with Intake for any given
day; the usual intake Is a single number for each parson, This usual, average or “true” intake would typically vary
from person to perscn in the population. The set of values of usual infake would typically have relatively few people
at very low or very high values of intake and relatively more people in between. '

The set of usual intake values for a population do not have to be a *beli-shaped curve,” but the true distribution, it is
assumed in the NCI methodology, ¢an be transformed to the normal {bell curve) distribution in a fairly flexible
manner, specified by the methodology. (We note that fish consumption distributions tend to be skewed toward large
consumption values and can often be approximated by the lognormal distribution; this phenomenon Is consistent with

the "transformation-to-the-beli-sh‘ape" assumption here.)

2) There is day to day variation In how much a person consumes of a commodity—on days when they do consume.
The daily consumption varies around thelr usual intake.

3) There is a certain probability thaf a person will consume on any given day, and this probability can vary from
person to person, For example, there can be frequent and infrequent consumers of fish.

4) There may be a correfation between consumption rate and the frequency of consumption, For many foods, those
people who consume the foed more frequently also consume more of it on the actual consumption day (Tooze et. al.

2006),12

""The consumption rates for various food groups are tabled at:
http://riskfactor.cancer.gov/diet/usualintakes/pop/ The tables do include fish consumption, but not in the

form needed for this project.

2 The model requires data with two or more independent periods of observation, but the periods can be -
single days or any other unit of time, such as, for example, two 3-day periods.

'3 The positive correlation between frequency of consumption and consumption amount appears to be
true for fish consumption among the USA adult population, as reflected in the NHANES 2003-2008
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5) All survey respondents who are included in the analysis are assumed o be fish consumers, This includes the
possibility that the consumption rate of some consumers may be very low—e.g., those who consumer fish only as it
might appear in a condiment such as Caesar salad dressing. In using the NCI method in this report, survey
respondents were excluded only if they reported on the food frequency questionnaire that they never consumed fish.

Additional notes on the NCI methodology are available in Tooze, 2006. An instructive webinar series featuring Dr.
Tooze and others Is available on fhe web." The SAS statistical programming language code for carrying out the
calculations using the NCI methodology is avaitable online. 1

Of note, the NCI methodology Is used in this report only for estimation of consumption rates for the general
population of the USA and not for the calculation of rates presented later in this report for the Nafive American Tribes
and Asian and Pacific istander (AP]) populations. The NCI methodology is stited uniquely to consumption
Information for episodically consumed foods cellected for fwo or more specified days. In conirast, an extended food
frequency questionnaire addressing usual (long-term) consumption was used in the Tribal and AP surveys.

Fish Consumption Rates: Native American Tribal and Asian & Pacific
Islander Surveys ,

The intent of all of the methodologies used in this report for the Tribal and AP! dala analysis was to yield, when
possible, consumer-only consumption rates for all species of fish and shellfish combined and for sub-groups of

species, stch as anadromous, non-anadromous and shellfish species. Further, for each species group, this report
provides estimates of the consumption rates for fish obtained from all sources and then for fish obained from local

harvesting,
* We have used varying melhodology—depénding on information and data available—for estimation of fish

consumption rates for the Native American Tribes in Washington and for the Asian and Pagific Islander (API)
Populations in King County. We describe the methodology specific to each population in the appendices.

In contrast to the NHANES data for the U.S, general population, the Tribal and AP} surveys queried usual or Jong-
term consumption directly as part of the food frequency questionnaires. The NCI methodology has not been (and can

survey. Those individuals who consumed fish on both dietary recall days had a mean of 98 g fish
consumption per day. individuals who consumed on only one day had a mean of 869 consumption on the
consumption day—12 g (13%) less than the more frequent fish consumers. The rates reported in this
footnote are survey-based estimates. Only individuals with two dietary recall days are included in the
calcufations, There were 619 two-day consumers (median, 79 g/day) and 3,587 single-day consumers

{median, 57g).

" An excellent series of webinars, including a taik and materials by Dr. Tooze on the NCI method, are
available at hitp:/friskfactor.cancer.gov/imeasurementerrot/

15 The SAS code for implementing the NCI methodology is available at

http:/ /riskfactor.cancer.gov/diet/usualintakes/macros single.html. It would be possible to start
from the statistical theory behind the NCI method and develop programming code for its
implementation in another statistical programming language instead of SAS. Considerable
statistical expertise and time would be needed for such a venture. '
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not be) applied to Native American and AP data since there was not an assessment of consumption on fwo or more
specified days .

In general, the Tribal and API fish consumption survey questionnalres included questions on frequency of
consumption of particular species and on portion sizes consumed for the same species. Combining appropriate data
on the frequency of consumpiton and the quantity consumed per eating occasion can yield an average consumption

rate per day.

Among the consumption rates presented in this report for the Native American and API populations, only the fish
consumption rates for the Tulalip Tribes were all calculated from individual-level data. For the other populations there
was a need to start from previously tabulated and published survey means and percenfiles, When a pubiished
tabulation had consumer-only mean and percentiles of consumption rates expressed in units of gfkg-day, we used
the average body weight from the specific survey sample as a multiplier to yield means and percentiles in units of
g/day. Similarty, if computations carried out for this report yielded a mean and percentiles of consumption in giday for
consumption from all sources, the report then presents consumption rates for harvested fish, when possible, by
multiplying the all-sources rates by a percentage harvested value to yield a harvested consumption rate.

Treatment of Outliers

In one previous publicafion of rates for the Tulalip and Squaxin Island Tribes (Toy, et al, 1998) some rates for a small
number of individual consumers were adjusted downward on the basis that they might be considered as outliers. In
that report, the downward-adjusted rates were used in combination with rates for all other individuals for the
calculation of means and percentiles. In a later publication of consumer-only ratas for the Tulalips and Squaxin island
Tribes (Polissar, et al, 2006) the rates for all individuals were not adjusted in any way but were used "as is" for the
caloulation of means and percentiles. In the current report we follow the second approach (no adjustment.)

There are two reasons to leave the rates intact. First, even the largest consumption rates reported for these tribes
and for other populations covered in the current report are plausible. They may be large, but there is no ovemdlng

reason to designate them as impossible,

The second reason that the rates have been left intact (with no adjustment for “outiiers”) is the potential for bias in
any adjustment. Any consumption reported by an individual from memory may be reported foo high, too low, close to,
or right on the unknown true consumption value. Because the true value is unknown, it is impossible to designate any
particular reported rate as "too high," too low,” or “accurate”. if only the highest rates are adjusted downward, then
the mean and the high-end percentiles calculated after.such adjusiments will be biased downward. Further, if

- individual rates are to be scrutinized, then every rate should be scrutinized. The rates thaf tend to aftract attention,
however, are the high rates. There may be other, lower rates that were reported too low relative to the unknown true
rate. The rales that are buried amidst the general run of rates (say, those between the 10" and 90% percentites) may
have posilive or negalive errors (relative fo *the truth™), but they generally do not atiract attention or invite adjustment.
Thus, our philosophy in this report is that, given the plausibility of all of the reported individual rates and the potential
for bias in adjusting rates, the individual rates should be left intact.

Rates in other publications calculated from the tabulations In the original Tulalip Tribes and Squaxin Island report
(Toy, et al, 1996) may differ from rates presented here due to the different handling of large consumption rates
(potential “outiiers”) in this report compared to their treatment in the original report,
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Surveys of Recreational and Subsistence Fishing

Fish consumption rates can also be derived from surveys of people who fish recreationally and for subsistence.

These surveys, commony called "creel surveys™®, have been carried out at fishing and harvesting locations. The
respondents in these surveys do not belong to a well-defined geographic or ethnic poputation, and, therefore, the
consumption rates from these surveys have nof been included in this report Creel survey rates, however, may be

informative in-comparison fo population-based rates.

Ecology's technical support document includes a substantial section (with refererices to the literature) on creel and
recreafional surveys (WDOE, 2011.) The document is scheduled fo be updated in 2012.

Interpolation

In order fo supply a complete set of rate percentiles we have sometimes interpolated between percentifes that were
readily available. The goal was fo provide the mean and the following percentiles for any given population and
category of fish consumption: 50%, 75%, 80%, 85%, 90% and 95%. Some survey reporfs or our computations based
on those repots {or computations by the NCI method) did not Include percentiles of interest, such as 80% and 85%.
In these cases we used bracketing known percentiles and interpolation to provide the missing percentiles.

The lognormal distribution provides a very good approximation to most fish consumption distributions (for consumers
only}. A plot of the log of percentiles from the lognormal distribution vs. the percentiles of the normal distribution
ylelds a straight line. Thus, we interpolated between the logarithm of known percentiles to yield the log of the missing
percentiles. The antilog of these values yielded the percentiles on the original scale (consumption in g/day.) The
guide to linear interpolation was the set of percentiles from the standard normal distribution—corresponding fo the
relevant cumulative percentages: 50%, 75%, 80%, 85%, 90% and 95%. Thus, for example, fo interpolate between
the 75% and 907 percentile known fish consumption rates to derive the 80% percentile rate, the 75, 80h and 90th
percentiles from the standard normal distiibution would be 0.674, 0.842, and 1.282, respectively. The interpolation
procedure is equivalent to fitting a lognormal distribution to a small section of the distribution and anchoring it with the

two known percentiles which bracket the missing percentile.

RESULTS

Fish Consumption Rates from the NHANES 2003-2006 Survey

This report presents fish consumption rates derived from the NHANES survey using two methodologies. First, we
present consumption rates using only he data as collected {wilthout any modeling) and standard survey estimation
procedures based on the survey design. The methed takes account of sampling weights, stratification and clustering.
Second, we present estimates using the NCI method for handling episcdically consumed foods. The method Involves
fitfing a model fo the data and obtaining estimates from the model; the methad glso takes account of suivey design.

16 The name for this type of survey is derived from “creel,” the wicker basket used for carrying newly
caught fish.
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Fish consumption rates, NHANES, 2003-2006, consumer defined only by reported consumption on two
days

In this approach to estimating fish consumption, the rates very literally reflect the reported consumption on two
specific days in the life of each respondent. As noted earlier, the NHANES survey has recorded consumption of fish-
containing ftems and other foods during two designated reporting days for each survey respondent. The definition of
consumer used in the EPA's Exposure Factors Handbook (EPA, 2011) Is a person who consumed fish on either or
both of the two days. The rates in Table 3 are based on that definition but they are calculated from survey
respondents age 18 and over. Appendix 2 includes an analysis that is helpful in understanding the impact of that
definition on estimated rates.

Table 3. Fish consumption rates (g/day) for adult consumers only, USA population, based on NHANES 2003-
2006. “Consumers” defined based on two days of consumption,

Species | N Mean | Min | 50% | 75% | 80% ; 85% | 90% | 95% | 99% | Max

All 2 2,853 | 56.0 | <0.1[379 788876 1052 127.9 | 168.3 | 256.7 | 512.5

Finfish . | 2,200 | 49.9 | <0.7 | 346 | 68.9 | 824 | 954 [ 1153 | 1498 ] 217.0 | 5125

Shellfish | 1,113 | 43.0 | <01 ;257 | 544 1 63.0 { 75.0 | 100.5 | 1466 | 249.6 | 384.0

Notes: 1} “Consumers" are defined as those who consumed fish on at least ane of the two distary recall days. 2) Limited {o those wilh data for
two diefary recall days. 3) The minimum and maximum rates are as recorded in the individual level data and are not products of the survey
esfimation procedure, 4) As input to the survey eslimation procedure the fish consumption rate for an individual respondent is the mean

consumption for the fwo reported days
Fish consumption rates based on the NCI method, NHANES, 2003-2006

The rates in Table 4 are based on application of the NCI methad to data collected by dietary recall from two s.pecified
days in the NHANES 2003-2006 surveys.

As noted in the mefhodology section, above, this report does not include fish consumption rates based on the
NHANES survey for consumption of locally harvested fish. The NHANES survey did not include guestions whose
responses would provide a basis for esfimating the “local catch™ proportion of consumed fish or, more directly, the
consumption in grams per day of fish obtained from local habitats,

While this report does not provide an estimate of the consumption rate of locally harvested fish for the general aduft
population of Washington, a simple calculation related to fishing licenses may be of interest. The percentage of the
adult population with fishing licenses might be considered informally in the discussion of consumption rates.

Using data supplied by the licensing division of the Washington Department of Fish and Wildlite (WDFW), population
estimates from Washington's Office of Financial management, and (from NHANES data) the estimated fraction of the
U.S. population who are fish consumers, the rate of licensing in Washington 2008 would have been an estimated 24
licenses (of persons age 15 or over) per 100 fish-consuming persons age 18 and over. If every person with a license

TE g., if the two days of consumption yielded zero grams and 50 grams, respectively, the mean would be
25 grams/day. Similarly, a consumptton pattern of (10 grams, 90 grams) for the two days would yield a
mean of 50 grams/day.
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has only one license, then this would be approximately the percentage of adults with fishing licenses. This is not an
estimate of the percentage of consumed fish that are locally harvested,

Table 4. Fish consumption (g/day) estimated from NHANES 2003-2006 by the NCI method. Consumers only.
Adults (age 18+). Mean and percentiles, '

Specles | N Mean | Min | 50% | 75% | 80% ] 85% : 90% | 95% | 99% | Max

Al fish 6,465 | 18.8 <0.1 12.7 | 24.8 | 28.9 | 34.5 | 42.5 | 56.6 | 90.8 | 941.2

Finfish 6,465} 140 | <0190 {181 12121255 {318 {433 | 7279412

Shelliish | 6,465 | 5.4 <0.1124 160 {75 197 ;132205438 | 7049

Notes: 1) Minimum and maximum values are from recorded survey data and are nof estimated by the NCI method, 2) NHANES 2003-2006
data were réstricled fo those survey respondents with a) two days of data from the 24-hour diefary recall, b) non-missing data on the food
frequency questionnaire, 2nd c) some fish consumption reported on the food frequency questicnnaire (i.e., at least one of the five fish
consumption questions on the FFQ was not answered "never” for frequency of consumption.) 3) The eurrent SAS software for the NCI method
¢oes not supply the 80% percentile values, The 80™ percentile values reported here were astimated by Interpolation between the NCI method's
755 and 85% percentile. Interpolation was carred out for log percentilos (followed by anti-og) with interpolation based on the standard norma
deviates of 0.6745, 0.8416 and 1.0364 for the 75", 80™ and 85% percentites, respectively. :

Native American Tribes

Tulalip Tribes °

Individual-level data were available by permission of the Tulalip Tribes. All reported consumption rétes were derived
directly from the individual level data.

Table 5. Consumption of various species groups of fish by the Tulalip Tribes, consumers only, g/day, by
source of fisl consumed: all sources or harvested from Puget Sound.

Species Source N_| Mean | 50% | 76% ; 80% 85% 90% | 95% | Max
All All 73 82.2 44.5 94.2 1186 | 1415 193.4 2676 | 710
Finfish All 72 44 1 223 | 49.1 | 59.1 65.1 | 109.6 - | 203.9 | 278.3
Shelifish All 61 42.6 16,4 | 40,1 § 59.1 827 ! 11298 | 1408 | 4614
Non-anadromous | All 71 45.9 20.1 524 | 6586 80.2 | 1184 150.6 | 469.8
Anadromous All 72 38.1 i6.8 433 | 464 57.3 92.1 191.1 | 265.3
All Puget Sound | 71 59.5 29.9 75 79.4 122.6 138.5 237.4 | 450
Finfish Puget Sound | 71 31.9 13 . 331 1424 55.4 78.4 1458 | 236.7
Shellfish Puget Sound | 53 36.9 14.2 401 52.7 85.8 i11.4 148.3 | 230.7
Non-anadromous i Puget Sound | 59 35,5 14.8 38.8 487 67.6 | 109.2 145 233.8
Anadromous Puget Sound | 70 30.4 11.8 324 §393 551 66 148.2 | 236.7
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Squaxin Istand Tribe

We used published results—not individual level data—to estimate the consumption rates for the Squaxin Istand Tribe
in Table 6. The calcufations are described in Appendix 3. Appendix 4 includes an evaluation of the use of published
fish consumption rates (as a starting point for calculations) vs. use of Individual level (*raw’} dala.

Table 6. Consumption in g/day, Squaxin Island Tribe, consumers only, mean and percentiles, by species
group and source,

Species Source N Mean | 50% 75% 80% 85% 90% 95%
Anadromous. | Al 17 {551 |253 |658 |700 |o7.9 |1282 | 4711
Sheilfish Al 86 |231 [103 [239 |200 [388 |540 |836
Finfish Al 1117 |ess | 314 |825 o4 | 1176 | 1497 | 2080
Al fish Al 17 | 837 |[445 |044 -|117.0 | 1602 | 2058 280.2 |
;"{;’g&rom ous | A NA [287 {152 323 }400 |5t4 |705 {959
Anadromous Puget Sound | NA 44 .1 20.2 52,8 63.2 78.3 102.5 136.8
Shellfish PugetSound { NA | 143 |64 {148 |185 {241 {335 |519
Finfish Puget Sound | NA 45.0 21.6 56.5 66.7 80.8 102.8 1429
Alfish | PugetSound | NA | 56.4 | 300 | 635 1788 11014 | 1386 | 1666
:ﬁ;‘&mmous PugetSound | NA | 123 |65 [139 1172 |221 {303 |412

NA = not available or not computed

Columbia River Tribes

The 1994 report of a survey of Columbia River Tribes reports the mean and various consumption rates for all adult
fish consumers (CRITFC, 1994, Table 10, pages 85-86.) The percentages presented in CRITFC Table 10 were
derived from data that were statistically weighted to account for the relative sizes of the fribes. Our estimated

consumption rates for the Columbia River fribes in Table 7, below, are derived from the results in CRITFC Table 10

and from other resulfs in the report.

The CRITFC report gives percentages of consumers corresponding to each reported value of consumption (g/day.)
For example, 6.5% (weighted percentage} of consumers were reported to consume 97.2 g/day. We used the specific
Individual consumption rates and their weighted percentages in CRITFC Table 10 to derive mean and percentiles of
consumption using standard procedures for estimating the mean and percentiles from survey (weighted) data
(Binder, 1991.) Cther data in the CRITFC report were used to derive proportions of fish harvested from ihe Columbia
River and other statistics needed to produce our various categories of fish consumption in Table 7 here. Details are

in Appendix 3.
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Table 7. Mean and percentiles of consumption rates (g/day) by species group and source, Columbia River
Tribes, adult consumers only,

Species Source N [Meani 50% | 75% | 80% | 85%| 90% 95% | 99% | Max

All Alf 464 | 632 | 405 |64.8 [81.0 |97.2 [130 194 486 a72

" Non-anadromous All NA | 326 [ 209 {334 (417 1501 |67.0 | 99.9 |250 NA
Anadromous Al NA | 306 ;| 196 |314 1393 |47.1 |63.1 ] 941 236 NA
Alf Col. R, NA | 556 | 356 |[57.0 |71.3 855 [114 171 428 NA
Non-anadromous Col. R. MNA | 286 | 184 [20.4 1367 [441 |589 | §7.9 [220 NA
Anadromous §COL R. NA | 270 [ 17.3 [27.7 |348 |41.5 |555 @ 828 1207 NA

NA = not available or not computed

Suguamish Tribe

Estimates for consumpfion of Puget Sound-harvested seafood by fish consumers inthe Suquamish Tribe in g/day
are available for all fish (combined) and for all except anadromous fish in the following document; “Selected
Suquamish Tribe Seafood Ingestion Rates, Consumers Only* (Polissar, 2007,) The document Includes the
methodology used to derive rates. Fish consumption rates in that document were calculated from data available at
the individual level. Selected rates presented in that document are shown in the rows in Table 8 corresponding to

1) all species, Puget Sound source and 2) all species except anadromous, Puget Sound source.

All other rates In the table, aside from those in the two designated rows, were calcutated in a different way, using
methods described in Appendix 3.

Table 8. Meau and percentiles of consumption rates (g/day) by species group and source, Suquamish Tribe,
adult consumers only.

Species " Source N mean | 50% 75% 80% | 85% i 90% | 95% Max
All Al 92 213.9 | 1324 } 2842 |3206 | 3904 | 489.0 | 7968.9 | 1453.6
Anadromous All 92 488 276 | 791 90.1 1142 | 132.7 | 172.0 | 2741
Non- anadromous* | All 89-91 ; 168.7* | 101.9 | 219.3 2474 13012 | 377.3 | 614.9 NA
Shellfish All 91 134.2 | 647 145.1 182.1 | 230.8 | 3634 | 615.4 | 1262.1
All Puget Sound | 1 1661 | 57.5 | 220.7 {2504 |300.9 | 3987 | 766.7 | 1248.2
Anadromous Puget Sound | 89-91 38.6 21.8 62.5 71.2 90.2 {104.8 | 135.9 NA
Non- anadromous* { Puget Sound | 89 1256 | 491 116.2 1774 | 2111 | 379.8 | 674.1 | 10955
Shellfish Puget Sound | 89-91 | 108.7 | 524 117.6 | 1475 | 186.9 | 204.4 | 4085 NA

*Includes the following species groups: pelagic, bottom-feeding, arid sheltfish. The rates do not include species in Group F (other finfish) and
Group G (other shelifish) defined in Table T-4 of Suquamish, 2000,

NA: not available or data needed for computation wera not available.

**Based on an assumed n = 90 consumers.
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Asian and Pacific Islanders

Seafood consumption raes for the Asian and Pacific Istander (API) commnity were estimated in Sechena, 1999.
Appendix M3 of the report provides mean and 50th, 75th and 90th percentiles of consumption in g/kg-day of a variety
of species groups. A 2005 EPA report (Kissinger, 2005) presented a re-analysls for consumers only which took
account of harvesting. That report covers the methodology underlying the rates. Excerpts from Table 5 of that report
are offered in Table 9 of this report. Whereas for most species the uncooked weight of fish consumed was
calcutated, for some species the survey calculated cooked weights, since cooking was needed to provide better
access to the edible portion of the organism, The rates reported here include no adjustment for cooking effect and
they may be biased downward. See Kissinger, 2005, Table 8, for a compilation of rates adjusted to remove the

cooking effect.

Table 9. Fish consumption rates (g/day), adult Asian and Pacific Islanders resident in King County, selected
percentiles by species group and source g '

Species group Source . on;m ore 50% | 76% | 80% | 86% | 90% 95%
All Harvested* 125 6.5 13.5 16.2 18.9 259 58.8
Non-anadromous | Harvested* 112 8.2 16.1 | 204 268 37.9 54.1
All Al 202 74.0 1335 { 154.5 | 183.2 | 226.9 286.1

*Harvested from any location.

Notes. 1) Adapted from Table 5 of Kissinger, 2005. 2) 75%, 80%, 85% percentile values were computed for this report by Interpolation
(nercentile by percentile) between the fog 50% and fog 907 percentils values from this table, followed by antilog. Percentiles (50%, 75%, 80%,
85%, 80%} of the standard rormal distribution were the basis for inferpolation, :

18 Kissinger, 2005 notes; “However consumption of the following shelifish species was recorded in terms of
cooked weight: butter clams, cockles, crab, geoducks, horse clams, macoma, manila /little neck, moon snail,
mussels, oysters, razor clams, and scallops. These organisms were steamed or boiled in order to facilitate

removal of edible tissue from the shell.”
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DISCUSSION

We have presented a number of fish consumption rates that may be relevant for considerations related fo regulatory
purposes. The rates span a wide range, and it will be important to users of these rates fo aitempt to match the
particular rate regimen to the appropriate poputation and regulatory question.

The rates are of varying qua!itfarid depend on assumptions to a varying extent. All of the rate regimens depend on
the assumption that people can remember what they have eaten—either in the last 24 hours or on the general
frequency of consumption of specified kinds of fish or shellfish over an extend period. Taking the rates at face value

also means that we regard memory as correctly representing the actual quantity of fish eaten.

While the rates are not perfect, they are meaningful. We have not supplied standard errors or confidence intervals
(‘margins of error’) for the rates. For a given statistic, such as the 95 percentile of fish consumption, studies with

larger sample sizes will generally supply more precise values than smaller studies.

One pitfall to avoid in using these rates is to assume that the 95% percentile of consurhption——a percentile that is
Iikely to play a prominent role in discussions—is determined only by the few highest reported consumption values.
For example, the Tulalip Tribes survey had 73 participants, and the 95t percentile of consumption would fall between
the third and fourth largest reported consumption rates. We sometimes hear the fallacy that in a case like this the 959
percentile of consumption gnly depends on four data points. Not true. Aside from the top four rates in the Tulalip
Tribes' data, lhere are the other 69 reported rates pushing the top four up to the top. Omitting any of the lower rates

- would change the 95% percentile, as would dropping any of the top four rates. All of the reported rafes have weighed
in on determining the 95® percentile, or any percentile, or the mean, Nevertheless, it is certainly frue that the 95t
percentile is not as well determined as a more central percentile, such as the median. '

The following issues influence fish consumption rates or are considerations in their use.

Survey and Analysis Methodologies

The surveys and analyses of those surveys differ in their definition of a fish consumer, and the definition has a very
substantial impact on the calculated consumption rates. The most inclusive definition is used in the NCI method
(applied here to the USA survey data from NHANES). In the NCI methodology, (Tooze, 2006), all respondents
entered into the analysis of rates are considered consumers, though the amount consumed may be from very little on
up. In our report those NHANES national survey respondents who indicated that they never consume fish were
excluded from the analysis, so the balance of respondents are very likely fo be true fish consumers. The definition of
consumer used In the Exposure Factors Handbook (EPA, 2011, Chapter 10)~-with fish consumption rates based on
the NHANES data—is a person who consumed fish on either of the two dietary recall days. This definition stays very
close to the recorded data but is, perhaps, too lieral. We have shown in Appendix 2 that using one day vs. two days
of reported consumption fo define a consumer has a drastic influence on the calculated consumption rates. The
calcuiated consumption rates will be lower for surveys that a) include more days surveyed, b) define a consumer as
one who consumes the specified food item on any of the survey days and ¢) calculate the consumption rate for an
individual as the average of consumption rates for the individual survey days (including days with zero consumption.)

Clearly, using the literal definition of a consumer, the resulting “consumer” group included in the analysis and the
rates caloulated for them depend on what information the survey captures. However, the true usual consumption of
each survey respondent is independent of the survey discovery mechanism. Nevertheless, it will be valuable if results
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based on the literal definition of a consumer (consumption reported on at least one of the surveyed days), as used in
the current Exposure Factors Handbook, continue to be presented, since there will always be seme demand for rates
that are not based on modeling, no matter how realistic the modeling is. For this reason in this report the rates '
calculated by the NCI method are presented along with the rates calculated by the method used in the Exposure '

f-actors Handbook,

The NCI method uses a model to estimate the distribution of fish consumption rates, and the percentiles of rates are
likely to be closer to the fruth than with the fiteral definition of a consumer, which is based on consumption reported
for only two designated days, The model assumptions, described earlier in this document, are realistic, including the
variation in people’s daily decisions about consuming vs. not consuming fish and also including variations in the
amount of fish consumed on a “fish day,” and other features. ' - :

Figure 2 below shows the results of & simulation study carried out by Dr. Janet Tooze, comparing the NCI method to
the literal method of defining consumption.™ In Dr. Tooze's simulation, a hypothetical “survey” with two days for
reporting on diet (as in NHANES) was simulated and the distribution of constmption rates was compared between a)
the true distribution of usual consumption, b) a 2-day mean of reported consumption per the respondent (all
respondents—consuimers with zero and with non-zero consumption), and ¢) the NCI method. Selection (b) is not the
approach in the Exposure Factors Handbook, but the simulation is, nevertheless, useful as a comparison of “the
truth” to the two methods just described—(a) and (b). Note that the NCI method well approximates the truth, and the
distribution of the 2-day method is quite different from the truth; In particular, the two-day method has an excess of

Zero or very low consumplion rates.

=
Sinulal

Figure 2. A simulation example of the NCI method at work. See text,

12 The figure (used with permission) is a slide from Dr. ]anet Tooze’s webinar 3 at the following link:
http://riskfactor.cancer.gov/measurementerror/
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Qutliers

This report is true to the survey data, as cbtained. There is not an accepted definition of outlier that should be
mechanicafly appiied here. No recorded fish consumption values have been changed or deleted. While some of the
consumptfion rates for individuals are large, none appear to be impossible. They may raise questions, but they are

stifl within the realm of possibility.

We have encountered data values in other settings that appear to have arisen from a population that differs from that
under sfudy. The unusual values might be due to a key entry error, recording error or a contamination of the study by
a truly aberrant person or entity. The usual procedure is to work back upstream in the data collection process and
see what happened. That is not possible here, but, again, though there may have been “outliers” by formal testing
rules, none of the consumption rates that we have come across appear to be impossible. In the 2003-2006 NHANES
survey described earlier, the highest adult consumption rate encountered in our data analysis of over 6,400
respondents was 941 gfday, based on two days of reporting. Only two days of consumption data for such a large
group of peopie might, indeed, turn up some unusually large values that are higher than the person’s usual {average)
intake. Nevertheless, this daily intake (a littie over two pound per day, uncooked weight) seems possuble among this

large group of people.

An additional fact is that an oullier search tends to be one-sided. A large value draws attention, but perhaps some of
the very small values should be examined, too, i the spirit of examination is to be unbiased. For example, a very
smail salmon consumption rate might appear anomalous for an individual in a Native American Tribe that values

salmon culturally, socially, and as a favorite food.

Thus statistically, we have allowed the data to stand, finding no individual consumption rates so egregious as to
require efection. See also the discussion of outliers in the methods sub-section on Native American and API surveys.

Sizppression

Some authors have suggested that current fish consumption rates of the Native American Tribes are suppressed
compared fo historical consumption rates and that this suppression-affects the health of members of the Tribe. (See,
for example, Donatuto & Harper, 2008.) Hopefully, studies underway will provide some insight Info the historical

consumption rates.

This report offers no opinion or finding on the suppression issue. However, since health outcomes are a facfor in
setfing regulations, our recommendafion is that suppression effects be considered at an appropriate fime. .

Does National Data Represent Washington State?

We do not know of a representative survey that covers fish consumption among the general aduit poputation in
Washingfon State. We have developed consumption rates from the NHANES study data for the USA as a whole, but
we do not know how similar fish consumption rates are between the USA and Washington State. _

It may be possible to obtain a subset of NHANES data that covers the coastal stales of the USA (vs. interior states),
where fish consumption rates may be more similar to those in Washington. However, the geographic identifiers in
NHANES are masked and a lengthy application and approval process is needed to obtain geographic data.
Washington has about 2% of the USA population, so the NHANES sample size for the State is likely fo be too small.
The collection of coastal states would be more likely to have a sufficient sample size. There would be statistical
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issues to address in using a subset of the NHANES geographic coverage, when the survey was designed to:
represent the USA and not designed to represent individual states.

Farmed and Purchased Fish

We have tried fo estimate the portion of fish consumption that comes from harvest of fish by individuals. However, ‘
even purchased fish may include some product that was farmed from local waters or was harvested locally and
ended up in locally sold commercial products. Similar to the suppression issue noted abave, this is a topic for which

we have obtained no data and, thus, have no comment on i,

Peak Exposures

The rates presented in this report are for usual consumption, consisting of consumption over a long period, such as a
year. Itis likely that consumption varies throughout the year as different species become more or less abundant. This
report does not supply any information on “peak”, seasonal or short-term fish consumption rates that may differ

substantially from the long-term, average consumption rates,

Strengths and Limitations

The main-strength of the fish consumption rates reported here is that they are based on individual survey
respondents’ direct answers to questions about fish consumption. The answers to these questions will have the
strengths and limitations that accompany any answers about behaviors that are not directly observed by survey staff.
However, use of rates based on the memory of those who ale the fish are likely fo be far superior to rates based on

specuianon

A second strength of this report is that some of the rates reported here were calculated from the original, “raw” data
on fish consumption obtained from individuals. The rates for the USA (NHANES data), the Tulalip Tribes and some of
the rates for the Suquamish Tribe are In that category. All other rates reported here were calculated based on
published or publicly available tabulations of means and percentiles of fish consumption. Those tabulations were,

themselves, calculated from the raw, Individual-level data.

Itis a limitation of a number of our rates that they are based on assumptions that seem reasonable or operationally
acceptable but cannot be verified without access to the individual-level data. For example, some percentiles of fish
consumption reported in g/kg-day have been multiplied by a mean body weight from the same survey to yield
percentile rates in g/day. In that calculation there is an implicit assumption that the consumption rates in g/kg-day do
not depend on the weight of a person, That s, the assumption implies that,on the average in the population, a
person who weighs 50% more than someone else would eat 50% more fish (by weight) than the other person.

A second assumption commonly used here is that the fish consumption rates are not dependent on the percentage of
that consumption that is harvested {from Puget Sound, from the Columbia River, or just *harvested.”) That
assumption comes into play, for example, when we have multiplied the mean and percentiles of consumption rates
for all sources of consumption by the mean percentage of consumption harvested from Puget Sound to yield mean
and percentiles of fish consumption harvested from Puget Sound. Implicit in that calculation is the assumption that,
on the average in the population, light and heavy consumers of fish all derive the same percentage of their

consumption from Puget Sound.
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These assumptions are untested for the populations for which we did not have access fo Individual-level data. In
general, the fewer the assumptions, the more accurate the rate is likely o be. Thus, rates in g/day calculated from
individual leve! data are likely fo be the most accurate, and rates based on assumptions about the role of body
weight, percent harvested or percent non-anadromous fish consumption or on an assumption of the lognormal
distribution are likely to be less accurate—the degree of accuracy dependmg on the quality of the assumption.
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Appendix 2. Notes on the NCI Method and NHANES Data

Use of the NHANES FFQ to define never-consumers of fish

The NHANES food frequency questions used to screen for never-consumers of fish are shown below (downloaded
from: riskfactor.cancer.gov/diet/=F Q. English.June0304.pdf). In order to be considered as a never-consumer, we
required a “never” answer to questions #91, #93-85, and, also, either (a) or (b) to be frue: [(a) a "never” answer to
#92 and no answer—blank—to #92a}; [(b} an “almost never or never” answer to #92a.

Over the past 12 months...
) Y2a, How often did the sushi you ale contain raw
91.  Howoften did you eat smoked fish or seafood fsuch fish or seafood {including shelllisk)?

as smoked salmon, lox, or others)? '
() NEVER (O Almost never or naver

(O About s of the time
() t-5timesperyear () 21mes per week ) About 2 of the ime
(O -1t Umes peryear {34 thmas par week O About 3% of the time
) 1 ¥me per month O 6-6tmes parweek O Almost ahways or always

() 2-8timea permonth {7 1 tima per day

") 1 bme per week () 2 or more times per day
93, How often did you eal raw oysters, raw clams, or

other raw fish {not including raw fish in sushij?
92.  Howoften did you eal sushi?
O NEVER

=) NEVER (GO TO QUESTION 93} .
(O 1-6 times por year (O 2 imes per waek

(O 1-6 times per year O ;_T‘;es perweek {74t times peryear () 24 mes per.week

8 ;.’—ﬁ:eﬁn‘te{s‘::;l;'ear 8 puge :i:::: pe::a::t 1 Ume per month Q) 6-6 times perweek
O3 limp:s rmontn O 1tme erz:y / 2 3times permonth 3 1 Bme per day

O 1time per’feek O 20r m{fre times per day O 1 time per week {3 2 or more tmes per day

Question 93 appears ont the next page. -
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84,

85.

Draft

How ofien did you eat fish sticks or fried fish
(including frled saafood or shellfish)?

I HEVER

(G t-Glimesperyear (2 imes par week

O 7-i1imesperyear () 3-4 limes per week
O 1tme per month (3 6-8 times parweak

Q) 2-3limes permonth O 1 $me per day

O 1 fme perweek {3 2 ormore tmas per day

How ofter didf you et all other fish or seafood
{including shellfish) that was NOT FRIED, SMOKED,
of RAW 7

O NEVER

) 1-Bthmas per year {D 2 times peor weoek

{3 7-116mesperyear () 3-4 times par week

(3 1 mo per month {0 5-5 times per week
(32-3tmespermonth () 1 Bme per day

O 1 time perweek 3} 2 or more times per day
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Comment on “consumer only” definition used with NHANES data.

Table A-2 shows consumption rates when a *consumer” is defined as a) one who consumes fish on either of the two
dietary recall days of the NHANES survey and the consumption rate is the average of consumption on the two days
(first numeric row of the table); b) one who consumes fish on day 1 of the 2 days of dietary recall; and, ¢) one who
consumes fish on day 2 of the 2 days of dietary recall. The rates in the table are based on a standard survey
estimation procedure using the stalistical weights and the survey design, The first three numeric rows do not use the
NCI method. The last numeric row—based on the NCI method—Is included for comparison.

Note that the consumption rate rises considerably when consumers detected on anly one day of consumption are
included (second and third numeric rows) compared to the average for two days {first numeric row.) The literal
definition of consumer tends to underestimate the number of consumers and overestimate consumption rates for
“consuimers”, a bias that will be smaller for surveys with more days of consumption reporting and when consumers
are defined as those who consume fish on any of the days. The NCI method does draw on all of the data collected on
the two dletary recall days, Including the occurrence of zero consumption on either or both days.

Table A-2. FiSil consumption rates (g/day) for adult consumers only, USA population, based on NHANES
2003-2006, all fish and shellfish species combined, using survey estimation

°°“s:l'1“."“°" N | Mean | Min | 1% | 5% 1/“ 25% | 50% | 75% | 90% | 95% | 99% | Max
- (]
Eitherday* | 2%° | 56.0 | <0 3.7 78.8 168. | 255
Y 3 Sy <0 for | P a7 | a7 T olrare | 0 27 | 8125
Day 1 168 | 939 | <0 5.4 266. | 477
y 5 Tl et ot | 07 289 jeas | 1284 [ 2127 | 70 | 0T fesr2
Day 2 185 | 048 | <0 5.8 ' 279. | 448
Y 1 Ty |0t ot |07 foee fees | 1331 [2187 | T | T | e4i2
Comparison: 6.46
’ 188 100 {09 |20 /30 |62 |127 |248 |425 |566 | 908 | 9412
NCI method** | ,

Nates; 1) "Consumers” are defined as those whe censumed fish an at least ene of the two dietary recall days (first numeric row), 0'!1 Day 1
{second numeric row) or Day 2 (third numeric row), respectively. 2) Limited fo those with data for two dietary recall days. 3) The minimum and
maxiimtsm rates are as reported in the individual level data and are not products of the survey estimation procedure.

*Fish consumption on efther dietary recall day or both days. The rates for these ‘consumers™ is the mean of fish consumption for the fwo survey
days.

H(alculated using the NCI methed. See Table 4 and accompanying description for methodology.
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Appendix 3. Methodological Notes, Tribal and API Calculations

This appendix contains descriptions of the methodology used to derive fish consumption rates for the Native
American tribes and the Asian and Pagific Islander populations. —

Tulalip Tribes

All statistics of fish consumption rates were calculated from Individual-level data. We used two datasets: 1) “Tulalip-
Part-Site.sav" {an SPSS file), which contained the data on the percent of each species group harvested from Puget
Sound. 2) “adulteriginal.dta’, which contained consumption rates in gfkg-day and weights in kg. The “outliers” which
were modified for analysis in the original publication {Toy, 1996) are not modified here. They were used “as is.”

In order to calculate an individual's consumption of fish in a species group X (e g., “all fish") in g/day, we performed
the followmg procedure;

Define:

Rate_grpX: gkgday:  An individual's consumpftion rate {g/kg-day} of fish in species group X.

BW: The individual’s body weight in kg.

Percent PS_grpX: The percent of the individual's consumption of species group X that was
harvested in Puget Sound. The percent is used as a demmal proportion
during calculations.

We then calculate consumption in g/day as:
Rate_grpX gday = Rate_grpX _gkgday * BW
Finally, we calculate consumption of Puget Sound-harvested fish In g/day as:

Rate_grpX gday PS = Rate_grpX _gkgdéy *BW * Percent_PS_grpX

In order to calculate an individual’s Puget Sound-harvested consumption rate for aggregate species groups, such as
finfish or all fish, we add together their Puget Sound-harvested consumption rates for the appropriate individual
species groups. The percentiles of fish consumption rates for a species group or the aggregate of species groups
are then calculated from the corresponding distribution of consumption rates fof individual adult survey respondents.
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Squaxin Island Tribe

The foliowing table, (as defafled in the Iast‘column), describes the methodology used fo derive the mean and
percentiles of fish consumption for the Squaxin Island Tribe as presented in Table 6 of this report. The first few
columns of Table 6 are provided here in order to facllitate alignment of this methodology table with Table 8.

After deriving the 50%, 75%, 80% and 95% percentiles by the method described fn the fable, the 80" and 85t
percentiles were derived by inferpolation. See the “interpolation” sub-section in the methods section.

Draft
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Columbia River Tribes

From manual measurements on Figure 7 of the CRITFC report (CRITFC, 1994} the mean intake of anadromous fish
among all consumers and non-consumers of anadromous fish was estimated to be 28.5 giday. We convert this
quantity to mean intake amongst consumers of fish by dividing this number by 0.93, the estimated percent of tribe
members that consume seafood. (See page 69 of the CRITFC report.) Table 10 of the same publication reports that
the mean intake of alf fish by consumers of fish is 63.2g/day. Thus, we can conclude that approximately 48.5% of all
seafood consumed by the tribes surveyed is anadromous fish. We use this quanity fo estimate mean arid percentile
consumption rates of anadromous or non-anadromous fish by multiplying the “all-fish™ mean and percentiles of

consumption by 0.485 and 0.515, respectively.

Finally, the CRITFC report (page 45) offers an estimate that 88% of fish consumed by the tribes surveyed is
harvested from the Columbla River. To estimate mean and percentile intakes of fish harvested in the Columbia
River, we multiply our means and percentiles of consumption for fish from all sources by 0.88.

Asian and Pacific Islanders

Seafood consumption rates for the APl community were estimated in the 1992 EPA report “Asian & Pacific Istander
Seafood Consumption Study in King County, WA." Appendix M3 of the report provides mean and 50ih, 75th and
90th percentiles of consumption in g/kg-day of a variety of species groups.

Additional analysis of the AP consumption rates were carried by EPA (ylelding rates in grams per day) and are
reported in Kissinger, 2005. The methodology is described in that report. Table 5 of that report is the basis for 50%,
0% and 95 percentile values quoted in this reporl. The additional 75%, 80%, 85% percentile values were computed
for this report by a} interpolation between the 50" and 90" percentile values from Kissinger, 2005, Table 5, which
were expressed as logarithms for the purpose of interpolation; then, b) ihe derived percentiles In logarithmic format
were transformed back to the original scale (g/day) by taking the antilog. Percentiles (50%, 75%, 80%, 85%, 90%) of
the standard normal dlstnbutlon were the basis for interpolation . :
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Appendix 4. Proportionality Assumption vs. Individual (“Raw”) Data

In various places in this report we have presented means and percentiles of consumption rates derived by using a
simple proportionalily assumpfion. In this appendix we carry out a brief assessment of the validity of that approach

F-or the Squaxin Island Tribe, mentioned as an example here, individual level data were nat available for use in this
report. Therefore we have taken consumer-only shelffish consumption rates (mean and percentiles from Polissar,
2008) and multipiied them by the Squaxin Istand Tribe's mean body weight (from the survey) to yield the estimated
percentiles and mean of shelifish consumption rates in g/day. We have then multiplied these percentiles and fmean
by the fribe’s mean proportion of shellfish harvested from Puget Sound® to yield percentiles and mean consumption
of sheflfish harvested from Puget Sound. This procedure seems reasonable, but how well does if work?

In order to assess the accuracy of these, simple, proportionality adjustments, we used consumption rates from the
Tulalip Tribes, for which data were available at the individual level. The data could also be handied as if cerfain data
were avallable only in published form as means, as was the case for the Squaxin Istand Tribe and for some other

" populations covered In ihls report.

Using the Tulalip Tribes' individual level data, in this appendix we have calculated the mean and percentiles of
consumption (g/day) for fish harvested from Puget Sound. We compare the results starting from two different types of
data: a) consumers’ individual level consumption rates of gfkg-day, individual body weight (kg) and individual stated
percent harvested from Puget Sound; and, b) starting from consumeér-only published percentiles and mean of -

. consumption expressed in gfkg-day {from Polissar, 2006} and adjusting it to g/day harvested from Puget Sound using
all-tribe group means for body weight and all-tribe group means for percent harvested from Puget Sound.?' We test
the validity of the group "means” approach by applying it to the Tulalip Tribes' published consumer-onfy consumption
rates in glkg-day, and then compare the resulting mean and percentiles to the correspending mean and percentiles
calculated by fully using the individual level data.

Table A-3 shows the summary stalistics that result from using the full Tulalip individual-level data vs. the summary
statistics that result from using the “means” estimation method described above, stamng from the consumer-only

percentiles of fish consumption in g/kg/day from Polissar, 2006.

- Table A-3. The Tulalip Tribes, mean, median and percentiles of fish consumption (g/day) harvested from
Puget Sound, al species, calculated from individual level data and ealculated by using group means for body
weight and for percent harvested from Puget Sound.

Method .mean 50% 5% | 80% 85% 90% 85%
Using individual-leve! data 59.5 209 175 794 1226 | 1385 | 2374
Using group means 48.8 20.3 537 |68.3 92,7 { 1171 126.9

? Each adult survey respondent reported their own estimate of the:r percentage of consumed shellfish
which was harvested from Puget Sound.

?! The Tulalip Tribes’ mean percent harvested from Puget Sound for all fish was calculated in the same
way as the corresponding statistic for the Squaxin island Tribe. See Appendix 3, section on the Squaxin
Island Tribe, for details and formulas.
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Note that the agresment between the two methods is fair to goad for the mean, median and for the 75% to the 9%
percentile, but the agreement is poor for the 95" percentile. However, the agreement or lack of agreement between
rates caiculated by the two methods should be considered along with the precision of the rates. If the rates are
inherently imprecise, then substantial disagresment may be expected, aside from any methodologic cause of
differences. If the rates are precise, then methodology is likely a full or partial cause of the differences. With just the
information in Table A-3, it Is Impossible to say whether the differences in rates calculated by the two methods are
fikely due to chance or more likely dure to the different methodologles. -
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